We examined the systematics of round-eared bats (Tonatia and Lophostoma) using sequence data from the nuclear recombination activator gene-2 (Rag2) gene and the mitochondrial valine transfer RNA, 12S ribosomal RNA (rRNA), and 16S rRNA. Some analyses of the mitochondrial and combined data sets indicate that round-eared bats may be paraphyletic relative to the genera Phyllostomus, Phylloderma, and Mimon. Both nuclear and mitochondrial data sets indicate substantial genetic divergence between Tonatia and Lophostoma, and neither data set unambiguously demonstrates monophyly of round-eared bats. However, our analyses cannot exclude the possibility that round-eared bats form a monophyletic lineage that separated anciently into Tonatia and Lophostoma. Within the Tonatia lineage, T. bidens and T. saurophila are sister taxa but are divergent for both nuclear and mitochondrial sequences. Nuclear data suggest that L. silvicolum may be paraphyletic, as currently recognized, because L. evotis appears within this clade.
The round-eared bats include about 7 species of insectivorous and occasionally frugivorous bats belonging to the family Phyllostomidae. The genus Tonatia was established by Gray (1827) for the species Vampyrus bidens, and despite substantial fluidity in phyllostomid taxonomy (reviewed by Wetterer et al. 2000) , Tonatia has consistently been associated with the nominate subfamily, Phyllostominae. As defined by most recent authorities (Williams et al. 1995) , Tonatia includes 7 species of round-eared bats (bidens, saurophila, brasiliense, carrikeri, schulzi, evotis, and silvicola) . However, monophyly of the * Correspondent: cporter@xula.edu genus and phylogenetic relationships among species are contentious. This lack of stability is a result of recent taxonomic changes as well as a paucity of phylogenetic studies on all species of round-eared bats. In addition, studies that did examine all species did not include representatives of other phyllostomines as in-group taxa or use characters that provided ambiguous resolution for intergeneric relationships (Lee et al. 2002) .
Tonatia saurophila was described by Koopman and Williams (1951) based on fossil material of uncertain age collected from 2 Jamaican caves. Koopman and Williams (1951) recognized T. bidens as the closest relative of T. saurophila but de-scribed T. saurophila as a distinct species based on skull and tooth morphologies and slightly smaller size. Koopman (1976) and others (Morgan and Woods 1986) later relegated the fossil T. saurophila to a subspecies of the living taxon T. bidens. Koopman's (1976) revision was based on a comparison of the fossils with specimens of T. bidens from middle America and northern South America (Williams et al. 1995 ) but without consideration of T. bidens from the southern part of the range. Williams et al. (1995) examined the morphology of extant populations and concluded that bats from the northern part of the range were specifically distinct from T. bidens from Paraguay, Argentina, and southern Brazil, with the 2 species being sympatric in eastern Brazil. Williams et al. (1995) determined that the southern species is conspecific with the type specimen of T. bidens. With T. bidens being applied to the southern species, T. saurophila is the oldest available name for the northern species, including the conspecific Jamaican fossils. In citing previous studies, we will use current nomenclature for T. saurophila in cases where the original authors used the name T. bidens.
Several studies have suggested 2 major clades among the round-eared bats. Immunologic (Honeycutt and Sarich 1987) , allozymic (Arnold et al. 1983) , and karyotypic (Baker and Bickham 1980; Patton and Baker 1978) data indicate that both T. schulzi and T. saurophila are divergent from most or all other round-eared bats. Honeycutt and Sarich (1987) predicted that revision of the genus would be required after further study. Lee et al. (2002) recently examined DNA sequence variation in the mitochondrial ribosomal genes and detected significant differentiation, and possibly paraphyly, within the round-eared bats. The results of Lee et al. (2002) are not unequivocal by themselves regarding the paraphyly of the round-eared bats. However, considering their data and the results of previous studies, Lee et al. (2002) retained Tonatia for the species bidens and saurophila and referred all other species to Lophostoma, the oldest available genus name.
The taxonomy of the L. silvicolum complex has fluctuated over the years. Species in this complex are characterized by a prominent postorbital constriction, and several names are available for this group (Koopman 1993) . L. silvicolum was described in 1836, with 2 similar species being described subsequently (L. amblyotis and L. laephotis). The L. silvicolum complex was revised by Cabrera (1958) , Goodwin (1942), and Laurie (1955) , with all 3 taxa (amblyotis, laephotis, and silvicolum) finally being synonymized as T. silvicola. Davis and Carter (1978) described the species L. evotis for the smaller specimens from Middle America, with all other forms included under L. silvicolum. Subsequent classifications (Koopman 1993; Nowak 1999; Williams et al. 1995) have followed this taxonomy.
Recently, Baker et al. (2000) reported on the systematics of Phyllostomidae based on sequences of the nuclear recombination-activator gene-2 (Rag2). Rag2 is one of two adjacent genes that code for proteins that function in the assembly of immunoglobulin genes (Oettinger et al. 1990; Shatz et al. 1989) . Their study included only a single species of Lophostoma (L. brasiliense) and did not include the species currently recognized as members of Tonatia; therefore, it provides no information on possible paraphyly of the round-eared bats. In this study, we examined Rag2 sequences from additional species of round-eared bats and mitochondrial ribosomal sequences to test the taxonomic validity of L. evotis and T. saurophila and to test the validity of assignment of several Tonatia species to the genus Lophostoma (Lee et al. 2002) .
MATERIALS AND METHODS
Specimens examined.-Specimens, localities, and voucher numbers are listed in Appendix I. Except in northeastern Brazil, bats of the genus Tonatia (sensu Lee et al. 2002) can generally be identified to species based on collecting locality; however, our study includes a Tonatia specimen (TK49885) collected from central Bolivia, a region outside the published range of both T. saurophila and T. bidens (Williams et al. 1995) . The voucher has been examined by personnel of the Museum of Southwestern Biology (Albuquerque, New Mexico) and by CAP, who concurred on its identification as T. saurophila according to the morphological criteria of Williams et al. (1995) .
Another specimen has been examined in past studies without reference to the taxonomic revision of Williams et al. (1995) . Teeling et al. (2000) reported Rag2 and ribosomal DNA (rDNA) data for T. bidens but did not provide information on the specimen or the source of their sample. Lee et al. (2002) analyzed the sequence data of Teeling et al. (2000) and found that it fell within the T. saurophila clade. M. J. Stanhope (pers. comm.) has recently confirmed the identity of the specimen examined by Teeling et al. (2000) . This specimen (TK10418 in Appendix I) was collected from Suriname, and on the basis of locality, it is referable to T. saurophila and not to T. bidens. Based on this identification, none of the specimens examined by Lee et al. (2002) is T. bidens; therefore, we have obtained samples of T. bidens from Brazil and Paraguay. Our analysis includes the mitochondrial DNA (mtDNA) data (GenBank accession number AF179288) of Teeling et al. (2000) , but we omitted their RAG2 data (GenBank accession number AF203763) because these were incomplete relative to our other sequences.
According to Reid (1997) , the distributions of L. evotis and L. silvicolum extend into Honduras, but the 2 species are allopatric. Our Honduran specimen of L. evotis was identified on morphological criteria and was collected within the published range (Reid 1997) Baker et al. (2000) were obtained from GenBank (accession numbers in Appendix I). Using the methods of Longmire et al. (1997) , we isolated DNA from 11 additional individuals representing 5 species. Polymerase chain reaction (PCR) protocols and DNA sequencing of the Rag2 gene followed Baker et al. (2000) . Overlapping sequences for each individual were assembled into a contiguous sequence using Sequencher software, version 3.1.1 (Gene Codes Corporation, Ann Arbor, Michigan), and we manually generated a multiple sequence alignment with no indels being required. We coded nucleotides as discrete, unordered characters, and analysis was performed using parsimony and distance options in PAUP* 4.0b8 software (Swofford 2001) . The level of phylogenetic signal was assessed using the g 1 statistic (Hillis and Huelsenbeck 1992 ) with 100,000 randomly drawn trees. Parsimony analyses consisted of heuristic searches with 25 random additions of input taxa and tree bisection-reconnection branch swapping (Swofford and Olsen 1990) . Stability or support of inferred topologies was assessed via bootstrapping (Felsenstein 1985) with 1,000 iterations and Bremer support (Bremer 1988) using Autodecay 3.0.3 software (Eriksson 1997) . We conducted parsimony analyses with equal weighting and various weighting scenarios, including weighting transversions over transitions (3:1), weighting 1st-and 2nd-codon positions over 3rd-codon positions (3:3:1), and successive weighting using the rescaled consistency index (CI-Carpenter 1994; Farris 1969) .
Designated out-groups were Desmodontinae (Desmodus rotundus, Diaemus youngi, and Diphylla ecaudata), Micronycterinae (Lampronycteris brachyotis and Micronycteris schmidtorum), and Macrotinae (Macrotus waterhousii). It is generally agreed (Baker et al. 2000; Wetterer et al. 2000 ) that all these taxa are appropriate as out-groups. We used Macrotus to root our phylogenetic trees because other studies (Baker et al. 2000 ; R. J. Baker et al., in litt.) have already established that the Rag2 and mtDNA sequences used in this study support a basal position for Macrotus. Morphological studies (Wetterer et al. 2000) have reached different conclusions regarding Macrotus, but the rooting of the tree should not influence the topology of the ingroup. Using PAUP*, we constructed a neighbor-joining tree based on corrected genetic distances (Tamura and Nei 1993) .
Mitochondrial DNA analysis.-We downloaded, from GenBank, 21 sequences of the mitochondrial genes of valine transfer RNA (tRNA), 12S ribosomal RNA (rRNA), and 16S rRNA (accession numbers in Appendix I), which were examined by Lee et al. (2002) , Teeling et al. (2000) , and Van Den Bussche and Hoofer (2000) . In addition, we isolated genomic DNA from representatives of T. bidens from Brazil and Paraguay and L. silvicolum from Paraguay (Longmire et al. 1997) . Conditions for PCR amplification, DNA sequencing, and as-sembling overlapping fragments were as described by Van Den Bussche and Hoofer (2000) . Mitochondrial rDNA sequences were aligned using Clustal X (Thompson et al. 1997) , with the resulting alignment refined based on the secondary structure of the RNA gene products (Anderson et al. 1982; de Rijk et al. 1994; Springer and Douzery 1996) . Alignment and refinement of rDNA sequences were done by CAP without knowledge of or reference to the alignment of Lee et al. (2002) . Nucleotides were coded as unordered, discrete characters, and phylogenetic analyses were performed as described for the RAG2 data, with gaps being treated as missing data.
Combined analysis.-Before combining Rag2 and mtDNA sequences, we tested for character congruence using the partition homogeneity test (incongruence length difference test- Farris et al. 1995; Mickevich and Farris 1981) with 1,000 random partitions. The combined analysis included 14 specimens for which we had both nuclear and mitochondrial data from the same individual (Appendix I). For the following additional taxa, we combined data from different individuals of the same species: Chrotopterus auritus (specimens from Suriname and Mexico), L. evotis (Mexico and Honduras), L. schulzi (Guyana and French Guiana), M. waterhousii (2 individuals from the same locality in Cuba), Mimon crenulatum (Venezuela and Trinidad), Phyllostomus hastatus (2 individuals from nearby localities in Venezuela), and T. saurophila (1 concatenated sequence from 2 nearby localities in Guyana and a 2nd sequence concatenated from specimens from Peru and Ecuador). With the exception of C. auritus, we combined specimens that were collected from relatively close localities. We eliminated L. carrikeri from the combined analysis because there was no Rag2 sequence. All 22 specimens remaining in the combined analysis were complete for both nuclear and mitochondrial sequences. We performed the same phylogenetic analyses on the combined data set as were described for the RAG2 data.
RESULTS
Rag2 sequence analysis.-The alignment of 25 Rag2 sequences resulted in 1,363 sites, of which 1,082 (79%) were constant and 123 (9%) were phylogenetically informative. Fourteen of the informative characters were at the 1st-codon position, 10 at the 2nd, and 99 at the 3rd. The sequence alignment is available on request from CAP. Analysis of 100,000 randomly generated trees produced a g 1 value of Ϫ0.8987, suggesting a phylogenetic structure in the data (Hillis 1991; Hillis and Huelsenbeck 1992; Huelsenbeck 1991 ; for criticisms of this statistic, see Källersjö et al. 1992) .
Unweighted parsimony analysis of the Rag2 data produced 20 equally most-parsimonious trees with a length of 414 (retention index [RI] ϭ 0.735, consistency index [CI] ϭ 0.732). Four of the 20 equally parsimonious trees support monophyly of the roundeared bats, whereas the strict consensus tree depicts an unresolved polytomy involving Tonatia, Lophostoma, Phyllostomus, and a clade consisting of Phylloderma and Mimon (Fig. 1A) . The node containing this polytomy has a Bremer support of 4 and was detected in 86% of the bootstrap iterations. Monophyly of Lophostoma is strongly supported (Bremer support ϭ 9, bootstrap ϭ 100%), as is the T. bidens-T. saurophila clade (Bremer support ϭ 7, bootstrap ϭ 99%). L. evotis is the sister taxon to L. silvicolum from French Guiana (Bremer support ϭ 2, bootstrap ϭ 93%), which in turn is the sister group to the 2 specimens of L. silvicolum from Paraguay. Increasing the weight of transversions or 1st-and 2nd-codon positions did not influence tree topology and generally did not improve statistical support for nodes on the tree. Successive weighting produced 6 most-parsimonious trees (Fig. 1B) with topologies similar to that produced by the unweighted analysis.
Appendix II shows the percent sequence difference for all pairwise comparisons of individuals, corrected for multiple substitutions. Regarding the 2 main objectives of this study, mean sequence divergence between T. bidens and T. saurophila is 2.83%, among Lophostoma species it is 0.99%, and between Tonatia and Lophostoma it is 3.26%. In addition, mean sequence divergence between L. evotis and L. silvicolum is 0.44%, as compared with a mean of 1.13% for other pairwise comparisons of Lophostoma species. A neighbor-joining tree based on Tamura and Nei (1993) corrected distances revealed the same general topology as 1 of the 20 equally most-parsimonious trees (Fig. 2) . The branch lengths on the neighbor-joining tree (Fig. 2) reflect Tamura and Nei (1993) genetic distances and reveal substantial genetic divergence between Tonatia and Lophostoma and between the 2 species of Tonatia.
Mitochondrial DNA sequence analysis.-Alignment of mtDNA from 24 taxa resulted in 2,730 aligned sites. Our alignment is 28 sites shorter than the alignment of 21 taxa generated independently by Lee et al. (2002) . Because the sequence alignment was questionable for some loop regions, we designated 217 sites as being ambiguous and removed them from all analyses. These 217 sites include 9 segments totaling 125 aligned sites in the 12S rRNA gene (Springer and Douzery 1996-corre- sponding to the bracketed regions in fig. 3 ) and 5 segments totaling 92 sites in the 16S rRNA gene. Therefore, the final alignment used for phylogenetic analysis consisted of 2,513 sites, of which 1,545 (61%) were constant and 686 (27%) were phylogenetically informative. With the removal of the 217 ambiguously aligned sites, we are confident that homologous nucleotides are aligned in the analyzed data. The g 1 value for the mtDNA data was Ϫ0.907, and comparison with critical values indicated that there was a nonrandom structure in the data (Hillis and Huelsenbeck 1992) .
Unweighted parsimony analysis of 2,513 aligned mtDNA sites resulted in a single most-parsimonious tree (length ϭ 3,130, RI ϭ 0.462, CI ϭ 0.445; Fig. 3 Combined sequence analysis.-We detected no significant heterogeneity (P ϭ 0.917) in phylogenetic pattern between the Rag2 and mtDNA data, and the g 1 statistic (P ϭ Ϫ0.961) suggested the phylogenetic structure in the data. Unweighted analysis of the combined data set produced a single most-parsimonious tree (3,457 steps, RI ϭ 0.457, CI ϭ 0.487; Fig.  4) , and the same topology was recovered when homoplastic characters were downweighted (length ϭ 1,004.86, RI ϭ 0.699, CI ϭ 0.798). The only difference between topologies produced by unweighted and successive weighting was that additional support for some nodes was detected with successive weighting. For example, bootstrap support for Phyllostomus-Phylloderma-Mimon as the sister group to Lophostoma increased with successive weighting (from 50% to 93% of bootstrap replications).
DISCUSSION
The majority of 20th century authors recognized a single genus (Tonatia) for the round-eared bats (Arnold et al. 1983; Goodwin 1942; Hall 1981; Hall and Kelson 1959; Jones and Carter 1976; Miller 1907; Nowak 1999; Simpson 1945; Wetterer et al. 2000; Williams et al. 1995) . However, several studies have provided evidence that the T. bidens complex (recognized until 1995 as the single extant species T. bidens) is divergent from the other round-eared bats. Although the karyotype of T. bidens (sensu Williams et al. 1995) has not been described, the G-banded karyotype of T. saurophila, a member of the T. bidens complex, is radically reorganized from that found in other round-eared bats and in other related genera (Baker and Bickham 1980; Patton and Baker 1978) . Additional support for the uniqueness of the T. bidens complex comes from allozymic and immunologic studies. Arnold et al. (1983) found that L. schulzi and T. saurophila did not share any synapomorphic allozymic alleles with each other or with other round-eared bats. Similarly, immunologic distances were interpreted by Honeycutt and Sarich (1987) as indicating that both T. saurophila and L. schulzi (along with L. carrikeri) were genetically divergent from other round-eared bats.
The studies mentioned above detected significant genetic differentiation among round-eared bats, although the authors did not propose any taxonomic revision. In light of these previous studies (Arnold et al. 1983; Baker and Bickham 1980; Honeycutt and Sarich 1987; Patton and Baker 1978) and their analysis of DNA sequence variation in the mitochondrial rRNA genes, Lee et al. (2002) divided the round-eared bats into 2 genera; T. bidens and T. saurophila were retained in the genus Tonatia, whereas all other species were elevated to generic status, with Lophostoma being the oldest available name. An abstract of a morphological study (Avilla et al. 1998 ) references data consistent with the Lophostoma-Tonatia dichotomy.
Our separate and combined analyses of mitochondrial and Rag2 data (Figs. 1-4 Fig. 2 ) between the 2 major clades of round-eared bats. This distance is comparable with that separating other genera of phyllostomid bats (Appendices II and III) and is in agreement with previous data from Arnold et al. (1983) and Honeycutt and Sarich (1987) . Therefore, allozyme, nuclear DNA and mtDNA sequences, and immunologic data support an ancient separation between Tonatia and Lophostoma and support recognition of Lophostoma. We, therefore, follow Lee et al. (2002) and continue to recognize Lophostoma as a valid genus.
Our study includes 2 independent molecular data sets, which strongly support Avilla et al. (1998) and Williams et al. (1995) in the recognition of T. saurophila as a species distinct from T. bidens. The 2 species are genetically distant (Appendices II and III; Fig. 2) , with a mean sequence divergence (2.83% for Rag2 and 9.36% for mtDNA) that approaches or exceeds the degree of genetic divergence found between some genera (Appendices II and III). Both molecular biology and classical morphological studies continue to play important roles in the discovery of some species that have escaped recognition despite many decades of study.
The taxonomy of the L. silvicolum com-FIG. 3.-Most-parsimonious tree produced from an analysis of the 12S ribosomal RNA (rRNA), valine transfer RNA, and 16S rRNA genes. Parsimony analyses based on equal and successive weighting produced identical, single most-parsimonious trees. For each node, the 1st number is the percentage of 1,000 bootstrap iterations in which each clade was detected for the unweighted analysis, the 2nd number is the bootstrap percentage for the successive weighting analysis, the 3rd number is the Bremer support value for the unweighted analysis, and the last number is the Bremer support value for the successive weighting analysis, rounded to the nearest whole number. plex has been revised repeatedly during the past century (Cabrera 1958; Davis and Carter 1978; Goodwin 1942; Laurie 1955) . The most recent revision by Davis and Carter (1978) this relationship, although they do not strongly contradict it. The L. silvicolum complex is widely distributed throughout much of Latin America, and several nominal species have been described. Our study includes representatives from limited parts of the range; therefore, we do not propose any taxonomic revisions at this time. However, our results warrant further study of morphologic and genetic variation throughout the range of the L. silvicolum complex.
RESUMEN
Se examinó la sistemática de murciélagos de oreja redondeada (Tonatia y Lophostoma) usando datos de secuencias nucleares del gen Rag2 y mitocondriales de ARN t Val , ARNr 12s, y ARNr 16s. Algunos análisis de los datos mitocondriales y combinados indican que los murciélagos de oreja redondeada pueden ser parafiléticos con respecto a los géneros Phyllostomus, Phylloderma, y Mimon. Tanto los datos nucleares como los mitocondriales indican una divergencia genética importante entre Tonatia y Lophostoma, y ninguno de los datos demuestra de modo concluyente la monofilia de los murciélagos de oreja redondeada. Sin embargo, nuestros análisis no excluyen la posibilidad de que los murciélagos de oreja redondeada formen un grupo monofilético que se separó tempranamente en Tonatia y Lophostoma. En el linaje de Tonatia, T. bidens y T. saurophila son grupos hermanos pero divergentes, tanto por las secuencias nucleares como por las mitocondriales. Los datos nucleares sugieren que L. silvicolum podría ser parafilético tal como se le reconoce actualmente, ya que L. evotis se encuentra dentro de dicho clado. 
